E tomidate is one of the most commonly used induction agents for intubation in emergency departments in the United States (1) because of its purported rapid onset of sedation, amnestic properties, short duration of action, limited hemodynamic effects, and tendency to create adequate intubating conditions (2, 3). Unfortunately, etomidate also has an inhibitory effect on adrenal function (4-11). It inhibits 11-β-hydroxylase, which converts 11-deoxycortisol to cortisol. This reversible inhibition has been reported to last up to 72 hrs and to reduce steroidogenesis in patients after infusion or bolus administration (5, 8, 9, 11) . Transient adrenocortical suppression has been demonstrated after single-dose etomidate in healthy patients undergoing elective surgery (12) and in patients after trauma, whereas prolonged infusions of etomidate are associated with higher mortality after prolonged infusion in critically ill patients (13). The use of single-dose etomidate
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Objective: Retrospective analyses of several trials suggest etomidate may be unsafe for intubation in patients with sepsis. We evaluated the association of etomidate and mortality in a large cohort of septic patients to determine if single-dose etomidate was associated with increased in-hospital mortality. Design and Setting: Retrospective cohort study at the Philips eICU Research Institute ICU clinical database. Interventions: None. Patients: Among 741,036 patients monitored from 2008 through 2010, we identified 2,014 adults intubated in the ICU 4-96 hrs after admission, having clinical criteria consistent with sepsis, severe sepsis, or septic shock. In all, 1,102 patients received etomidate and 912 received other induction agents for intubation. Measurements and Main Results: The primary endpoint was in-hospital mortality, but we also evaluated demographic and clinical factors, severity of illness, ICU mortality, ICU length of stay, hospital length of stay, ventilator days, and vasopressor days. Competing risk Cox proportional hazard regression models were used for primary outcomes. Demographics and illness severity were similar between the groups. Hospital mortality was similar between the groups (37.2% vs. 37.8%, p = 0.77), as were ICU mortality (30.1% vs. 30.2%, p = 0.99), ICU length of stay (8.7 days vs. 8.9 days, p = 0.66), and hospital length of stay (15.2 vs. 14.6 days, p = 0.31). More patients in the etomidate group received steroids before and after intubation (52.9% vs. 44.5%, p < 0.001), but vasopressor use and duration of mechanical ventilation were similar. No regression model showed an independent association of etomidate with mortality, shock, duration of mechanical ventilation, ICU or hospital length of stay, or vasopressor use. A hospital mortality model limited to only patients with septic shock (n = 650) also showed no association of etomidate and hospital mortality. Conclusion: In a mixed-diagnosis group of critically ill patients with sepsis, severe sepsis, and septic shock, single-dose etomidate administration for intubation in the ICU was not associated with higher mortality or other adverse clinical outcomes. ( (5, 7-9, 12, 14) .
Small subgroup analyses from two prominent randomized controlled trials suggest higher mortality in septic patients intubated with etomidate (5, 7, 8) , but corticosteroid replacement after etomidate does not seem to affect mortality (10, 15) . It is unclear if these patients were sicker than the patients intubated with other agents, or if etomidate itself was to blame for the increased mortality. Etomidate use in patients with sepsis, who are often hypotensive and might benefit most from its administration, is therefore controversial, and further investigation has been suggested (6, (16) (17) (18) . Recent editorials have cautioned clinicians about etomidate (16, 18) ; one stated "until the safety of etomidate is demonstrated in patients with severe sepsis and septic shock, this drug is best avoided for emergent intubations" (18) .
Based on these serious concerns, the broad utilization and effectiveness of etomidate as an intubating agent, and an anticipated delay of years before the safety of etomidate may be tested prospectively, we determined to evaluate its safety retrospectively. Our investigation was intended to determine if the use of singledose etomidate for intubation was associated with higher in-hospital mortality or other clinically important endpoints in a large cohort of ICU patients with sepsis, severe sepsis, or septic shock.
MATERIALS AND METHODS
The Philips eICU Research Institute (eRI) database comprises an extensive dataset of critically ill adult patients remotely monitored in tele-ICUs around the United States (19, 20) . After identifying all ICU admissions, we then identified adults intubated in the ICU. Patients were excluded if they were younger than 18 yr, had incomplete medication or clinical records, were intubated outside the ICU, had previously received etomidate, or had evidence of multiple intubations (Fig. 1) . Intubation in the ICU was required to ensure that baseline physiology and medications were accurately captured relative to the timing of the intubation. Patients meeting these initial criteria were then separated into those with sepsis at the time of intubation and those without. The eRI database includes extensive medical history and demographics, physical examination findings, diagnoses, laboratory data, medications, demographics, and vital signs, which are either documented directly or imported through electronic Health Level 7 International standard interfaces into the electronic medical record.
Data collected from clinical flow sheets included average mean arterial pressure during 24 hrs before and after intubation, lowest systolic blood pressure 24 hrs before and after intubation, and average heart rate 24 hrs before and after intubation. Induction medications for intubation were recorded. Vasopressor use was defined as the number of 24-hr days following intubation during which a patient received epinephrine, norepinephrine, phenylephrine, dopamine, dobutamine, and/or vasopressin. Administration of mineralocorticoids and glucocorticoids in the 24 hrs before intubation and during the 72 hrs after intubation was independently evaluated.
Septic patients were defined in any one of three ways: 1. A suspected or confirmed infection plus two or more of the following criteria within 24 hrs of intubation: Temperature more than 38°C or less than 36°C, heart rate more than 90 beats/min, hyperventilation with respiratory rate more than 20/min or PaCO 2 less than 32 mm Hg, or white blood cell count more than 12,000 cells/μL or less than 4,000 μL; or 2. Patients described as having sepsis, severe sepsis, or septic shock as "active problems/diagnoses" in the electronic medical record within 24 hrs of the onset of mechanical ventilation; or 3. Patients with an admission diagnosis of sepsis.
To verify that induction medications were not being missed, we excluded patients intubated in the operating room, the emergency department, and otherwise outside of the primary treating ICU. An ICU intubation was defined as a patient transitioning from unventilated to ventilated status, and the medication administration interface showing the administration of a single-dose neuromuscular blockade agent and/or etomidate. Although this methodology excluded patients intubated without either etomidate or neuromuscular blockade, it was determined to be the most reliable method of verifying the intubation occurred in the controlled setting of the ICU, where all physiology and medication usage was accounted. The exposure of interest was not the intubation event, but use of etomidate compared with no etomidate during induction for intubation. The primary endpoint was in-hospital mortality in septic patients. Secondary endpoints included ICU mortality, hospital and ICU length of stay (LOS), days of mechanical ventilation, and days of vasopressor use in a priori identified subgroups of these septic patients: those with severe sepsis and those with septic shock. Specific patient characteristics include age, gender, admission Acute Physiology and Chronic Health Evaluation (APACHE) IV score (Cerner, Kansas City, MO), predicted mortality (based on APACHE IV predictions), comorbid conditions at time of admission (defined as "chronic health conditions" and "immunosuppression" in the APACHE IV scoring system), and etiology of the infection, if available. Our sample size was guided by retrospective subgroup analyses of the Ketamine Versus Etomidate During Rapid Sequence Intubation: Consequences on Hospital Morbidity (KETASED) (7) and Corticosteroid Therapy of Septic Shock Study (CORTICUS) (5) trials. Both trials identified possible harm from etomidate administration in septic patients. The weaker association was seen in KETASED; in that trial, septic patients intubated with etomidate had a 28-day mortality rate of 41% vs. 34% among those intubated with ketamine. Based on this difference, we calculated that 778 patients in each arm would be needed to detect a statistically significant mortality (total sample size 1556), at a two-tailed α value of 0.05, and 80% power. Because of the potential for misclassification inherent to retrospectively gathered data, we added 20% to the power calculation to account for a 10% misclassification of patients, bringing to 934 the number of patients required in each arm. We then went chronologically backward through the eRI database using our search strategy (see Fig. 1 ) until we were comfortable that an adequate sample size existed to answer the research question.
Baseline characteristics of patients who received etomidate for intubation were compared with those who did not, using chi-square or Fisher's exact tests for categorical variables and t tests or their nonparametric equivalent for continuous variables. To quantify the association between etomidate exposure and each outcome (except vasopressor days), a competing risk analysis was performed using the Fine and Gray method (21) . A competing risk analysis is useful because the traditional survival models impose an unreasonable assumption that survivors who are censored are similar to their peers who experience the event. For mortality models, the primary event of interest was in-hospital (or ICU) mortality, and the competing event was discharge from the hospital (or ICU) alive. For LOS and ventilator-day models, the events of interest were time to being discharged alive and unassisted breathing, respectively, with the competing event being death. The subhazard ratio for each covariate with the corresponding event of interest is reported. An interaction between etomidate exposure and time was added to the models to test the assumption of proportional hazards over time. Negative binomial regression was used to model the association between etomidate use and vasopressor days. Finally, the regression model for in-hospital mortality was repeated with inclusion of only patients with septic shock. Statistical analyses were performed using SAS, version 9. 
RESULTS
In all, 8,063 of the 741,036 patients monitored from 2008 through the third quarter of 2010 satisfied study criteria (see Fig. 1 ). These were then separated into 2014 with sepsis at the time of intubation and 6049 without. Characteristics of the septic patients are described in Table 1 . Patients who received etomidate were older than those not receiving etomidate, had lower preintubation blood pressure, were more likely to have received steroids before intubation, and were more likely to have been treated in an academic medical center. They were also slightly less likely to have been transferred from other hospitals. In other respects, including vasopressor use and APACHE IV-predicted mortality, the groups were similar. Based on the APACHE IV predictions (22) , the mean predicted hospital mortality for the overall septic cohort was 40% and corresponded well with the actual mortality of 38%. who received etomidate more often received steroids both before (26.8% vs. 24.6%, p = 0.01) and after intubation (51.8% vs. 48.1%, p < 0.01). There was no difference in vasopressor use before or after intubation ( Table 2) . Unadjusted outcomes are presented in Table 3 . There was no difference in in-hospital mortality or in any of the secondary outcomes of concern, including vasopressor use, duration of mechanical ventilation, ICU LOS, or hospital LOS. Regression models were then constructed for the primary endpoint (hospital mortality, Table 4 ) and for each secondary outcome of interest.
In the regression model for in-hospital mortality, higher risk of death was associated with increasing age and APACHE IV scores, race, steroid use, and certain comorbid diagnoses. There was no statistical association or any visible trend between etomidate use and mortality. The test for an interaction with time indicated the proportional hazards assumption was not violated in any of the models (p > 0.05). Similar regression models were then constructed for each secondary outcome, including vasopressor use, duration of mechanical ventilation, and ICU LOS. In each model, there was no association between etomidate use and the outcome of interest, nor was a nonsignificant trend noted. Finally, the regression model was constructed for in-hospital mortality, including only the 650-patient subset with septic shock. This model also did not show a statistically significant relationship or trend between etomidate administration and in-hospital mortality ( Table 5) .
DISCUSSION
Although adrenal suppression is consistently noted in patients who receive etomidate (4) (5) (6) (7) (8) (9) (10) (11) , it is unclear whether transient adrenal suppression has any impact on outcomes. We retrospectively evaluated the safety of etomidate for ICU intubation in over 2,000 patients with sepsis, severe sepsis, or septic shock. These patients reflected a general mixed-diagnosis ICU population, and the cohort size was calculated in advance to detect a 7% difference in survival at an overall anticipated mortality rate of 37.5%. Although not perfectly matched, no clinically important differences existed between the groups, and no association of etomidate was noted with overall inhospital survival, vasopressor use, duration of mechanical ventilation, ICU LOS, or hospital LOS. Even in the sickest subgroup, those with septic shock, etomidate was not associated with mortality.
Our findings differ significantly from the subgroup analyses in CORTICUS and KETASED (5, 7). In CORTICUS, randomization was to steroids, rather than to etomidate, and the univariate observation that etomidate was associated with higher mortality in the septic cohort (42.7% vs. 30.5%, p = 0.02) did not accommodate severity of illness or other potential confounders (5) . Although baseline SOFA scores in the groups were similar, the multivariate models did not consider the baseline blood pressure measurements or vasopressor use, and it is possible that the patients in CORTICUS who received etomidate may have been sicker than the cohort intubated with other agents. Etomidate is reputed to be less hemodynamically active than many other intubating agents, and it may be that patients receiving etomidate for intubation in this study had more severe shock before receiving the drug, as supported by the trend away from postintubation propofol use. CORTICUS data included only 96 patients intubated with etomidate when compared with 403 intubated with other agents, although the severity of illness (median SAPS score of 48 and overall mortality of 32.7%) was high (5).
The KETASED trial randomized critically ill patients requiring prehospital or emergency department intubation to receive either etomidate or ketamine-all patients additionally received succinylcholine, midazolam, and fentanyl (7). Their hypothesis was that ketamine, an agent with limited hemodynamic activity in most patients, might be safer for intubation. One third of the patients in KETASED died after randomization but before hospitalization, and ultimately data from only 469 patients of the original 655 patient cohort were evaluated. Of 469 patients, 18% and 15% of those receiving etomidate and ketamine, respectively, were described as septic. Overall Postintubation vasopressor days were defined as the count of 24-hr periods after intubation through the ICU LOS with any evidence of vasopressor use. Additionally, this measure only includes patients who are in ICUs with complete infusion drug information.
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March 2013 • Volume 41 • Number 3 severity of illness (mean SAPS score 50.8) and mortality (median mortality 33%) were similar to patients in our evaluation. In KETASED, adrenal insufficiency was more common in patients intubated with etomidate, and in the very small group of patients with sepsis (n = 76) the relative risk of death in those receiving etomidate was 1.4 and did not achieve statistical significance (7) .
Our study has several potential weaknesses. First, although data were prospectively entered into the eICU database, our evaluation was retrospective, and some patients may have been misclassified as having not received etomidate. Nonetheless, we diligently strove to eliminate any incorrectly classified patients by excluding those hospitalized at centers where an automated medication interface was absent, and by eliminating those not intubated in the ICU, where medication administration and hemodynamic fluctuations are routinely documented. In addition, we powered the study to allow for a modest (10%) rate of misclassification. This insistence on ICU intubation limits the generalizability of our findings to similar patients, as the clinical characteristics of patients intubated in the emergency department, prehospital environment, or operating room may be fundamentally different from those we studied.
Second, the cohorts were imperfectly matched. Closer evaluation, however, suggests the etomidate group may actually have been sicker-they were older, had a lower mean baseline blood pressure, and received more steroids before intubation, all of which should have biased the data toward worse outcomes. Conversely, patients who received etomidate were more likely to have been treated in academic medical centersa potential source of confounding. Adding academic status to the multivariable model, however, did not alter any outcome of interest. Our study lacked any evaluation of the adrenal axis, so we cannot hypothesize how adrenal function relates to our outcomes measures, although a lack of effect of exogenous corticosteroid replacement on outcome was noted. Because of limitations inherent in the dataset, we were also limited to a primary outcome measure of in-hospital mortality, where 28-day or longer outcome data would have been superior. All retrospective observational research, no matter how well adjusted for confounding influences, is vulnerable to residual confounding, and this study is no different. Given the striking lack of association we observed between etomidate and hospital mortality, however, those uncaptured factors would have to have an overwhelming effect to hide an association between etomidate use and hospital mortality. We believe this is unlikely. Furthermore, we believe severity of illness was adequately adjusted for using APACHE IV scoring, and because our analysis of blood pressure measurements and vasopressor use was conducted in an extremely granular dataset.
One aspect of this study that may limit generalizability of the data is that patients who were intubated in the emergency department or other settings outside of the primary treatment ICU were excluded. We were also unable to include patients intubated without either etomidate or a neuromuscular blockade agent because receiving one was necessary to verify intubation occurred in the ICU. This eliminated many patients who may have been intubated with analgesics, sedatives, and/ or dissociative agents without neuromuscular blockade. It also introduces uncertainty about the generalizability of these data to patients who do not receive neuromuscular blockade as part of the induction sequence. Finally, it should be noted that the years from 2008 to 2010 reflect a period of changing practice as regards corticosteroid usage in septic shock-many of our patients received adjunct corticosteroids either before or after intubation, and the effect of these agents as well as the evolution of such practices on the primary outcome variable is unknown.
CONCLUSIONS
Single-dose etomidate for intubation was not associated with hospital mortality, increased vasopressor requirements, longer duration of mechanical ventilation, ICU LOS, or hospital LOS in a large cohort of patients with sepsis, severe sepsis, and septic shock.
